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ABSTRACT 

Oxy fuel cutting process is most widely used in manufacturing and fabrication industries. The properties of 
the cut pieces are to be studied, in order to have high quality characteristics. In this investigation, mild steel is employed 
for oxy fuel cutting process and the parameters, viz., oxygen pressure, nozzle to plate distance and cutting speed have 
been undertaken. Principal Component Analysis coupled with Taguchi method was employed for analyzing the 
responses. Optimal parameters were identified by maximizing the Composite Principle Component, comprising the 
multiple responses. 
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INTRODUCTION 

The oxy fuel cutting process is employed in many fabrication industries, to cut thick plates and also when 
the cut is to be made along a specified contour. Oxy fuel gas cutting process is a useful alternative, compared to 
other shearing processes. In this process, initially, the ferrous material which was to be cut was heated by oxy fuel 
flame, to a temperature range of 800 - 1000 c o; and on obtaining the kindling temperature, oxygen at high pressure 
was directed at the preheated spot, causing rapid oxidation of the metal and finishes the cutting operation Figure 1. 



Figure 1: Oxy Fuel Cutting Process 

The cutting torch outfit has a central hole for oxygen jet, with surrounding holes for preheating flames. 
The kerf width of the job widens, when the central hole of the torch increases in its diameter. The cut quality 
banks upon torch tip diameter, nozzle to plate distance, oxygen flow rate and cutting speed (1). Mild steel and 
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stainless steel plates were employed to cut by laser gas cutting operation; it had resulted in improved cut quality and dross 
free cut at high speeds [2]. The kerf position and groove shape were evaluated by governing the parameters plasma gas 
t'low rate and shielding gas flow rate, in the cutting of mild steel plates by plasma arc cutting process [3]. The economics of 
the gas cutting process investigation was undertaken for cutting mild steel and cast Iron, of various thicknesses, by varying 
the parameters and fuel gases [4]. The oxy fuel cutting time of steels would be different and changes with the amount of 
carbon present in the steel [5]. Also, it is found that, the cutting rate was varied with the oxygen pressure employed during 
the cutting operation. The formation of iron oxide retarded due to decarburization reactions occurred in the cutting of steels 
[ 6 ]. 

In many industrial production systems the output responses are governed by many input parameters and warrants 
a large number of experiments to be conducted to cover entire domain; one economical method of conducting the process 
is through Taguchi parameter design [7]. However, conventional Taguchi method could effectively establish optimal 
parameter settings for single response only. Wherever multi responses with conflicting objectives are present Principal 
Component Analysis (PCA) Taguchi method is adopted [8]. 

Laser cutting application is studied in metal matrix composites and the analysis is carried out by Taguchi method 
and PCA [9]. In the stir casting process, the parameters are optimized by PCA Taguchi method [10]. Taguchi method, 
Response surface methodology and statistical models are used to evaluate the quality characteristics of laser cut 
components [11]. 

In this investigation, oxy fuel cutting process is employed for cutting the mild steel plates and the responses are 
analyzed by PCA Taguchi method. 

EXPERIMENTAL METHOD 

Materials Employed 

AISI 1010 designated mild steel is employed for oxy fuel cutting process and thickness of the plates used for the 
cutting process is 7 mm. The properties of the metal employed for cutting operation are given in Table 1. 

Table 1: Chemical Composition and Mechanical Properties of Mild Steel AISI1010 


% c 

% Man 

% Fe 

Tensile 

Strength (Map) 

Hardness (HRC) 

0.1 

0.45 

balance 

320 

80 


Experimental Parameters 

For cutting operation three parameters namely oxygen pressure, cutting speed and nozzle to plate distance are 
chosen each at two levels. The Table 2 shows the parameters and the levels at which they are operated during 
experimentation. Trial runs are conducted to set the levels of the parameters. 


Table 2: Experimental Parameters 


SNo 

Parameter 

units 

Low (1) 

High (2) 

1 

Oxygen pressure (A) 

Kpa 

150 

250 

2 

Nozzle to plate distance(B) 

mm 

3.5 

7.5 

3 

Speed of cutting (C) 

mm/minute 

550 

800 


Impact Factor (JCC): 6.8765 


NAAS Rating: 3.11 
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The experimentation is performed based on L8 Taguchi orthogonal array. This method allows finding the 
optimized conditions in economical manner. Table 3 show the orthogonal array undertaken [11], which calls for 8 different 
experiments under various levels of the parameters chosen. 


Table 3: L8 Taguchi OA 


Run 

A 

B 

C 

1 

1 

1 

1 

2 

1 

1 

2 

3 

1 

2 

1 

4 

1 

2 

2 

5 

2 

1 

1 

6 

2 

1 

2 

7 

2 

2 

1 

8 

2 

2 

2 


Response Property Evaluation 


The pieces are cut by the oxy fuel cutting process and the property evaluation is conducted for further analysis. 
Hardness of the material adjacent to the Kerf is measured by employing Krystal Elmec-make hardness testing machine. 
The Kerf widths at the top and bottom of the plates employed are measured by Mitutoyo vernier calipers. The time of 
cutting is found by a decimal minute stop watch. Figure 2 shows the location of the property evaluation in the cut pieces. 


Work Piece 



Hardness measured in HAZ 


Top Kerf width 




Bottom Kerf widi! 


Figure 2: Oxy fuel cut pieces 
Principal Component Analysis coupled Taguchi Method 

Optimization of the study undertaken is done with the principle component analysis (PCA), based on Taguchi 
OA. PCA is a multivariate statistical approach enunciated by Pearson and Hotelling [12]; it converts the multiple correlated 
responses data into uncorrelated quality values and a mathematical function is formulated to arrive at composite principle 
component (CPC). The procedural steps of PCA are given below. 

Step 1: Array the multiple responses obtained in the study under taken 

Xjj= [Xy] where x is the response, i is the number of experimental runs and j is the number of responses. 

Step 2: Normalize the responses employing the lower the better concept 

max sifM-JsCft) 

Z, (k) =- . •, 

ttuzk > r j |i jft-mcre tk? 

Where Z ip (k) is the normalized value of k lth response. 
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Step 3: Calculate the Variance - Covariance matrix of the normalized data [13]. 

Step 4: The Eigen values and Eigen Vectors of the Variance - Covariance matrix obtained in step 3 are computed 

Step 5: The principle component of the responses are found by 

x p (k) = X - = i (fc) (fc) where (fc) is the Eigen vector of k th response. 


Step 6: Total principle component CPC is found by 




where {4( k \= 


sigen saiue (fty 
Sf =1 vaiue (ft) 


Optimal conditions are arrived at the maximum CPC values. Analysis of variance is conducted to test the 
hypothesis and there by contribution of each parameter is found. 


Results and Analysis 

The measured properties are enlisted in Table 4. Using the lower the better criterion all the responses which are in 
their respective absolute values are converted into normalized values ranging between zero and unity (Table 5). The 
normalized responses are subjected to correlation analysis and consequently Variance - Covariance matrix is found (Table 
6). The Eigen Values and Eigen Vectors are computed for that Variance - Covariance matrix (Table 7 and 8). Now for each 
of the normalized response, principle component is computed for all the runs employing the procedure detailed in Step 5 
(Table 9). The composite principle component is computed by combining the individual principal components with due 
weightage from Eigen values (Table 10). The CPC value data have been subjected to ANOVA analysis (Table 11) and the 
percentage contribution of each of the parameters is also computed. 


Table 4: Experimental Results 


Runs 

Hardness 

(HRC) 

Top-Kerf 
Width (mm) 

Bottom Kerf 
Width(mm) 

Time 

(Seconds) 

1 

85 

1.84 

2.3 

7.5 

2 

91 

2.23 

2.68 

5.05 

3 

94 

2.37 

2.1 

7.06 

4 

88 

1.92 

2.63 

5.91 

5 

84 

2.25 

3.64 

8.26 

6 

79 

2.14 

2.04 

5.21 

7 

83 

2.48 

2.65 

8.94 

8 

85 

2.29 

3.35 

6.54 


Table 5: Normalized Data 


Runs 

Hardness 

(HRC) 

Top Kerf 
Width (mm) 

Bottom Kerf 
Width (mm) 

Time 

(Seconds) 

1 

0.6 

1 

0.8375 

0.3701 

2 

0.2 

0.39 

0.6 

1 

3 

0 

0.1718 

0.9625 

0.4832 

4 

0.4 

0.875 

0.63125 

0.7789 

5 

0.666 

0.3593 

0 

0.1748 

6 

1 

0.5312 

1 

0.9588 

7 

0.7333 

0 

0.61875 

0 

8 

0.6 

0.2968 

0.18125 

0.6169 


Impact Factor (JCC): 6.8765 


NAAS Rating: 3.11 
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Table 6: Variance and Covariance Matrix 


0.0871 

0.011 

- 0.014 

- 0.017 

0.011 

0.10 

0.027 

0.042 

- 0.014 

0.027 

0.1105 

0.042 

- 0.017 

0.042 

0.042 

0.1133 


Table 7: Eigen Values 


Responses 

Hardness 

Top Kerf 
Width 

Bottom 

KerfWidth 

Time 

Eigen value 

0.1850 

0.1004 

0.0530 

0.0726 


Table 8: Eigenvectors 


Hardness 

Top Kerf 
Width 

Bottom 
Kerf Width 

Time 

0.1399 

0.7848 

-0.4947 

-0.3461 

-0.4841 

0.5703 

0.6367 

0.1874 

-0.5686 

-0.2379 

0.0126 

-0.7873 

-0.6502 

-0.0476 

-0.5914 

0.4745 


Table 9: PCA Values 


Run 

Hardness 

Top KerfWidth 

Bottom Kerf Width 

Time 

1 

-1.1170 

0.8243 

0.1315 

-0.5040 

2 

-1.1521 

0.1890 

-0.4344 

0.0059 

3 

-0.9446 

-0.1540 

-0.1642 

-0.4963 

4 

-1.2329 

0.6256 

-0.0934 

-0.1018 

5 

-0.1943 

0.7192 

-0.2040 

-0.0802 

6 

-1.3092 

0.8042 

-0.7109 

-0.5789 

7 

-0.2492 

0.4282 

-0.3549 

-0.7409 

8 

-0.5639 

0.5676 

-0.4703 

-0.0020 


Table 10: CPC Values of Responses 


Run 

CPC 

1 

-0.3734 

2 

-0.5273 

3 

-0.5716 

4 

-0.4321 

5 

0.0477 

6 

0.5867 

7 

-0.1842 

8 

-0.1761 


Table 11: ANOVA Computation 


Source 

Dof 

SS 

MS 

F value 

% Contribution 

A 

1 

0.5932 

0.5932 

10.28 

58.72 

B 

1 

0.1506 

0.1506 

2.61 

14.90 

C 

1 

0.0355 

0.0355 

0.61 

3.51 

Error 

4 

0.2308 

0.0577 



Total 

7 

1.0101 





DISCUSSIONS 


The hardness of the metal in the HAZ adjacent to kerf is more than the parent metal in all the experimental runs. 
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At low oxygen pressure, the hardness in HAZ depended on nozzle-to-plate distance and cutting speed. The kerf width is 
small on the top side while it is broad in the bottom side of the plates in all the runs. With the increase of cutting speed, the 
time of cutting has reduced. 

The variation in kerf widths between top and bottom of the plates is due to the horizontal lag that exists between 
the entrance and exit points of the cutting Oxygen stream; Also the shape of the cutting flame which is conical with smaller 
diameter at the tip of the torch and broad at the end gives out the variation in kerf widths. The increase in hardness in the 
heat affected zone adjacent to kerf is due to aggravated heating. The influence of the parameter, oxygen pressure, is highest 
with a contribution of 58.12%, while the nozzle to plate distance is governing to an extent of 14.9% in this process. The 
cutting speed is the least effecting by 3.51%, only in achieving the responses under consideration. The optimal parameter 
combination in the achievement of all the responses are at low level for oxygen pressure and cutting speed while nozzle to 
plate distance is at high level.fFigure 3) 


Main Effects Plot for Means 
Data Means 



Figure 3: Main Effects of Parameters 


CONCLUSIONS 

The horizontal lag and shape of the oxy fuel flame causes the variation in the kerf widths at the top and bottom of 
the cut plates. The increased hardness in the HAZ is due to heating. Oxygen pressure and nozzle to plate distance have 
significant influence on the responses. Taguchi coupled principal component analysis is best suitable where multi objective 
optimization is to be conducted. 
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